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1. 



O' THE 

IIVERSITY 




SOME MEASUREMENTS OP ATMOSPHERIC RADIO-ACTIVITY 

IN BERIOCLEY. 

The fact that a charged body inside a closed vessel 
loses Its charge more rapidly than may be explained by leak- 
age across the siipports has been established by C.T.R.Wllson 

(1) and by Geltel (2)* Experiments conducted In the open air 
by Elster and Geltel (5), glvo the seme results, and the 
loss by a negatlv»ly charged body Is «wd» more rapid than by 
one positively charged. In the light of the then recent 
work on radlo-actlvlty Elster and Geltel considered that 
this might be due to some radio-active substance In the 
atmosphere, so they exposed a negatively charged wire net* 
ting (4) to see whether excited activity might not be 
collected on It, as In the case of a body exposed to the 
emanation from Radium or Thorium, To test this they used 
the electrical method, which depends on the property of 
radio-active material by ?rhlch It Ionizes the gas near It 
which In turn Increases the rate of discharge of any charg- 
ed body with which It cones in contact* Elster and Geltel 
used an electroscope. The results at first obtained were 
slight but by Increasing the negative potential from 400 

to several thousand volts, and using a long wire, the 

rate of discharge of the electroscope was Increased six- 
Digitized by V^OOQ IC 
(i:) Geltel, Phys. Zoit. 2. p. 110. 1900. ^ 

(2) Wilson, Proc. Cam. Phil. Soc. 11 p. K2.'0C & G3 1 151 '01 
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fold. A r.osltlvely chargocL wire produced no acceleration 
of the rat(' of discharge. They found that the material of 
the charged body did not have any effect on the amount of 
activity collected; obtaining the same results with wires 
of iron, copper, aluminium, lead, with leases of plants, 
etc. The activity was not permanent tut decayed An a few 
hours in a manner resembling Thorium X, The rate of decay 
was not hastened by heating. The activity might be rubbed 
from the wire by using a piece of leather dipped in ammon- 
**a or hydrochloric acid, and on heating to drive ofr the 
liquid, remained on the leather. When so concentrated there 
was enou.rh radio-activity to meJce a barium-p latino-cyanide 
screen glow quite perceptably to the rested eye, or to give 
a shadow picture on a photographic plate thru aluminiun 
0.1mm in thickness. The amount of activity which may be 
collect r3l in ceves and "".oles, whore the air has been long 
stagnant, Is much greater than in the open air. The activ- 
ity can only be collected in large spaces, i.e. several 
cubic meters, and disappears altogether in smaller ones. 
Thus a wire exposed in a bell jar under the same conditions 
sho^s no activity. Showing that the activity cannot be 
due to the action of a stronf?; magnetic field on the sur- 
face of the wire. 

Elstcr and Geitel (1), and later Bumsteadiifpt]iildFheeror C^Y 

(1) Elstcr and aeltel. Phys. Zoit 3 p574. 1902. 
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have tested the air drairn from tmderneath the soil to see 
wh other an emanation comes tip thru the surface of the earth 
or whether the effect is due to an effect of the stagnant 
air Itself • Air shmt up in a large boiler by itself for 
several weeks showed no observable increase in activity. 
On the other hand, air sucXed from a few feet below the 
surface of the earth, by means of a pipe and water pump, 
and Introduced, into a large bell- jar containing an electro- 
scope, surrounded by an earthed wire net, caused a vory de- 
cided increase in the rate of discharge of the electroscope, 
which reached a naximun after several hours, as great in 
one case as thirty times the original rate of lealt. The 
S8ne is true of air talsien from the surface water near New 
Haven . 

These experiments prove unquestionably that the activity 
collected on a negatively charged wire 1b due to an eman- 
ation from the soil, which diffuses thru the air above it. 
This emanation gradually breaks up giving rise to positive 
radio-active carriers, vvhlch normally collect on the surface 
of the earth, buildings, and all projections, such as moun- 
tain peaks, (this explains the higher degree of ionization 
there observable )because of the slight negative charge of 
the earth. The higher negative potential of the wire merelv t 

Digitized by V^nOOV IC 

Incroasos the number of radio-active carriers collected. 
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giving rise to the radiations observed. *• 

The "Emanation mey be extracted from the air by con- 
densation in liquid air as in the case of the radium and 
thorium emanations. Active air is liquified and allowed 
to partially volatilize; concentration being obtained be- 
cause the emanation volatilizes at a lower temperature than 
the air. 

C.T.R. Alison has shOTn that freshly fallen rain carries 
dOTm some of the radio-act l^re carriers. On being evaporated 
to dryness in a platinum lish there is a radio-sctive resi- 
due. Enough activity remained after evaporating about 50cc. 
of rain water to increase the rate of discharge of an electro- 
scope four or five times after passing thru a thin layer 
of aluminlim. The activity decayed, falling to half velue 
in about 30 minutes. Rain water a few hours old showed no 
activity. Wilson found also that the air bubbled thru Cam- 
bridge tap-water shows increased conductivity. ( 1) Allan (2) 
also tryed the conductivity of air bubbled thru tap-water. 
In Canada, and while he found an Increased saturation cur- 
rent it was due to the water vapor carried up by the air. 
He concluded that this was also the explanation of the re- 
sults obtained by Wilson, but later experiments have shown 
that the Cc-nbridge tar-wator does contain a rsdio-active 
emenetion. An examination of the water from d^^^vj^^^^Q^^^al^ 

f 1 \ n m TD VTA 1 tn^y^ r><»*rk/« n t^r^ "DVi-? 1 C^rsrk IT t>ACQ 1 OHO 
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various parts of Englend, shows that some of It contains a 

large amount of the emanation. Also an exanlnatlon of vari- 
ous mineral springs has shown that many of then contain 
radio-active emanatlon.( 1) The mud and silt around such 
springs soaetlnes contains radlun, sonetlnes thorium, or 
both in varying proportions. This will "be referJ|d to later. 
The activity may be precipitated from ralr. water "by adding 
a little barium chloride and precipitating with sulphuric 
acid, or by adding alum and precipitating with ammonle. 
Freshly fallen snow also shows a slight amount of radio- 
activity on evaporating to dryness. 

Meteorological conditions have a very great effect on 
the amoimt of radio-activity in the air. Elster and Jeitel (2) 
have made a very extended series of observations on this 
point. Thev foun-l that the snonnt colloctn:l -lurinp; a high 
wind "^BB vor-' nuch greater th&n that collootecl on a still 
lay, •;:hlch Is to be exfpected since the electric field 
only draws the active material from the air for a radius 
of about one meter, as shown by Eve, for a potential of about 
-10|00(lvolts. The wind consequently brings a much larger 
volume of air within the Influence o^ the field. The direct- 
ion of the wind seems also to have an effect , depending on 



(1) H.S.Allen and Blythswood, Nature 08 pS4S 1903. 09 P 24 7 04 
Strutt. Proc. Roy. Soc. 7S pl91 1904. Himstedf^.^yiChflMvS^^ 
Phy. 13 pl91 1904. Elster and Gelt el, Phy. Zelt. 5 
No. 12 p 321 1904. and others. 
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the locality in whioh the observations were carried out, 

that Is the nature of the surface over which It cones. 
Temperature has a very marked effect, the activity being 
greater at lower temperatures. Lower barometric pressure 
Increases the amount of activity, but whohter this Is due 
to the air being drawn up thru the capillaries of the earth 
at the lower pressures or to the altering of the level of 
underground water Is as yet undecided. More activity Is 
usually observable on a bright, clear day than when It Is 
cloudy, but the presence of condensed water vapor, Increases 
the amount, Elster and Geltel finding the frreat s amount of 
activity during a fog of any time diarlng their observations. 
This Is prol:ably due to the fact that the drops become them- 
selves centers for the positive carriers which are thus held 
from being removed by the earth's field, but are drawn out 
by the strong field about the* wire and manifest themselves 
at Its surface. 

The question of the nature of the emanation which pro- 
duces these phenom/na of atmospheric radlo-actlvlty has been 
made the f^iibjoot of Investigation by many observers, and 
has yielded apparently diverse results. The usual method of 
attack Is to observe the rate of decay of the activity pro- 
duced on a wire and compare It with the known rates of de- 
Digitized by V^OOQ IC 
cay of radium and thorium. Allan (1) working at Montreal, ^ 
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Canada, cane first to the conclusion that It was entirely 
due to rediim emanation, since the induced activity fell to 
half value in atout 45 minutes, which is the case with rad- 
ium induced activity, but it is to te noticed that he recon- 
ed fro:n a time ten minutes after the discharge of the wire. 
Later he found that the activity transford to a piece*#leather 
no i stoned with ammonia fell to half value in about 28 minutes 
while for c. piece of felt treated in the same way half value 
was reached only after 60 jnlntites, the time for the wire its- 
self being 45 minutes, as given above. Prom this he reached 
the conclusion that there are several kinds of activity in 
the atmosphere and th&t the difference in the rate of decay 
is due to different proportions of the several substances 
being transfer^ to the felt and leather. Rutherford thinks 
this due to the fact that r:. greater proportion of Radium B 
than Radium C is transfer d in the second case (see Ruther- 
ford's Radio-activity, second edition, page 523) which would 
make the rate of decay slower. Burastead (1) has obtained 
undoubted evidence that thorium exists in the emanation at 
New Haven. Ho observed the rapid initial drop due to radium, 
missed by Allan because he did not Vof?;in his observations 
until ten ninutes after the wire had oeon discharged and the 
first drop reaches half value in aloout three minutes, and 

Digitized by VjiOO^lC 

then a slower fall extending over a period of seve:^ 
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8. 
In case of a long exposirre. He states his conclusions as 

follows:- 1, The radlo-actlvlty acquired "by a negatively 
charged wire exposed In the open air (at least as observed 
at New Hsven) Is nalnly If not wholly due to the excited 
activities of radium and thorium. With a three hour exposure 
S to 5 per cent of the total Initial effect Is due to thor- 
ium activity, the proportion depending apparently upon the 
rreater or less ease with which the emanations eecape from 
the soil. With a twelve hour exposure the thorium activity 
Is sometimes 15 per cent of the whole, and with a long wire 
Its decay may be followed for several days. There Is some 
evidence that a small quantity of a more rapidly decaying 
activity Is present In addition, but these experiments do 
not definitely establish this. 2. The radio-activity of rain 
and snow Is probably due to radium- excited activity, the 
absence of the thorlun effoct being accounted for by the 
fact that the rapid decay of the thorium emanation prevents 
Its reaching,: In appreciable quantities, the height at v/hich 
the rain-drops are formed. 

As stated on page 5, it has been found that sediments 
from mineral springs and the like differ as to the radio- 
active constituents; the conclusion is natural and obvious 
that the radio-active elements are not evenly distributed 

Digitized by V^OOQ IC 

over the earth's stirface, hence there is no need to attoi^t 
to rftconcllfi diverse results obtelnftrlln rllf-Terent loftAlltleR. 
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9. 



It night even be expected that different winds In the same^ 
placfe w6uld give different results* Radiiim, thorium, and act- 
inium may be present In varying quantities and Ewers and 
Ebert as well as Bumstoad have obtained Incomplete evidence 
that still another radio-activo substance, as yet unknown 
exl st s • 

The Electroscope used in the present series of measu^ents 
was of the following construction:- The system supporting 

the aluminium leaf con- 
sisted Old en ebonito rod, 
"b", Pig. !•, 1 cm. in 
dianoter and 12 cm. long, 
closely fitted into £ 
hole at "a". Into this 
rorT 8. G en. lon£:t>. of 0.2 
rn. br£,sf; rorl vt.l: KcroTred, 
to^iich r?, f: frrtciHxl tiz 
elnr.irlum plste^ '*c", about 
5xf cm. Py bringing up 
two similar, earthed pl8tes, 
one on either side^ the 




7 



^. 



capacity of this conductor was increased and the rate of 
leak decreased, "d" Is a sulphur rod about Scm^J'^ioi^lg whichS 



cnTr'rrtT»t.C! flTT^ InciiTft+.oe +.Vir> fi1«4M«4MiiTm i ^-*j 
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10 
teminates in a circular plate "f", which may "be removed 
altogether or one of smaller diameter sut)stituted, to vary 
the sensitiveness of the instrument. 

The box surrounding this system is of wood, lined with 
tin foil as far down as the plate "f", made as nearly air- 
tight as possible. It is provided with a drawer below the 
plate "f • in which the wire may be placed after being wound 
in the form of a helix. A metal diaphram may be slipped in 
just above the drawer to prevent any air currents in the 
upper part of the box when introducing the wire^ A wire 
pas. sing thru a rubber stopper in the side of the box serves 
to charce the two conducting systems to the same initial 
potential and since the rate of leak ofl the lower system 
due to the radio-activity is much greater than that of the -' 
upper system, any leak across the sulphur rod will tend to 
make the results obtained smaller. With this arrangement the 
rate of leak was made about 1 degree an hour, which is neglig- 
ible in comparison with the rate of leak due to the induced 
radio-activity in all cases. 

In order to observe the fall of the leaf the following 
arrangement was finally adopted. The image of a circular scale 
graduated in degrees, of radius equal to the length of the 
leaf, was sup/erposed on the leaf by means of a halfrsiJLve^p 



ed mdrror placed in front of the observing telescope at an 
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11. 



posslbleby the parallax test so that the telescope might 
be moved to follow the leaf aroiina the scale without appre- 
ciable error. 

The wire used was of copper, No. 18 B&S gauge, about 
14 meters in length, and supported by means of ebonite rods 
40cm. long. The distance of the wire above the ground was 
about 4 meters. All the exposures were made on the east 
side of South Hall. 

The potential was msinteinod by means of a water-dropper 
with irhich, after a small reservor with over-flow pipe, hfi^d 
been adopted to give constant pressure, the potential could 
be held practically constant for sny length of time on dry 
days. During one 14 hour exposure the potential did not 
char.fre by more than 100 volts in about 5000 during the entire 
exposure. On damp days the potential usually fell off a little 
after about three hours. The potential was measured by 
means of a Braun Electro rnV fi s r reading directly in volts. 

The method adopted to determine the rate of disch8rp;e 
of the electroscope was to take readings of the position 
of the leaf at regular intervals, plot the curve of position 
with the time, and then determine the tangent of the curve. 



This could be done with much greater acciaracy than 



the fall of the leaf during an interval of time, say two 
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ninutes at the beginning of the curve, and 11 viae by the time 

to get the rate of fall at the tnlddle point. The greatest 

rate of fall of the leaf drirlng two minutes was not more t 

than 5 degrees, which, since tenths must be estimated, gives 

a possible error of 20^^, while with the method adopted 

the errors corre6t themselves in the first curve and the 

tangents can be determined within one per cent or even c 

closf^r* The rrotentlal of the aluminium leaf was co^ared 

with the Braun electrometer, with the following results 

for various deflections: - 

Deflections, Volts, 

In deuces, 

49 1280 

45 1000 

50.5 700 

27.4 6G0. 

This Is much more than sufficient to give the saturation 
current, but as a further test the rate of fall when a 
seraple of uranium oxide was Introduced was observed over the 
entire scale and by rechar{!;lng and It was found that the 
rete of fall was not different from CO to 55 dorrecs from 
that from 20 to 15 degrees. It may also be sttd here that 
the recharging of the electroscope during a set of observ- 
ations cannot be the cause of the Inflexions In the curves 
as this rolnt has been thO}iroughly tested. The ^^ns^t t@^^SY|^ 
of the electroscope did not vary sensibly from day to day. 
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15 
convenience the original numbering is retained. 

Curve No. 4. 

Wire exposed 10 :20A.M. to 1:20 P. 2a. S hours. 

Potential s* -SGOO volts, Teop. C4P. Baronet er = 29.821n. 

Rather high north l^y oast wind. Very dry end clear. 14 m. 

Ho. 18 B&S copper wire, 4ffl. above the ground. 

Time Reading Total tine I log. I 

11154 50.20 

l:02 55.2 Ihr. 8nln. .0147 

Introduced wire 

1:27:40 SB. 8 «Osec. 

1:28:40 57.2 Inln 4CEec. 

1:29:40 55.9 2 40 

1:50:40 54.4 5 40 

1:32 52.4 5 1.434 .153 

135 51.0 6 

1:34 29.7 7 

1:35 28. 8 

1:36 26.9 9 

1:37 25.3 10 1.202 .080 

1:38 24. 11 

1:59 22.9 12 

1:40 21.6 15 

1:41 20.4 14 

1:42 19.4 15 1.041 .017 

1:44 17.8 17 

1:46 15.2 19 

1.47 20 .850 .929 

1:48 15.6b35.2 21 

1:50 33.7 25 

1:52 51.5 25 1.202 . 080 

1:64 29.4 27 

1:56 27.2 29 

SO 1.061 .026 

1:58 25il 51 

2:00 23.1 33 

2:02 21.2 55 .899 Digitiftiiy GOOQ IC 

2:04 19.7 57 ^ 

2:06 17.4 59 
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Time 



Reading Total time 



log. I 



2: 08 


16.2 


41 


i:io 


14.8=s38.8 


43 


i:i2 


37.2 


45 


2:17 


53.4 


50 


2.28 


29.8 


55 


2:27 


27.3 


60 


2:32 




65 


2:S7 


20.3 


70 


2:47 


16.4 


80 


2:57 


13.a337.7 


90 


s:07 


54.7 


100 


5:17 


31.9 


110 


3:27 


29.0 


120 
see curves 



.708 


.850 


.584 


.760 


.542 


.734 


.026 


.797 


.078 


.851 


.552 


.742 


.360 


.550 


.524 


.510 


.2845 


.454 


.244 


.387 


.2295 


.561 



Curve No. 5 . 
Wire exposed i:57 to s:40 P.M. Potentials 4,000 to 5,000 
volts. Conditions as In curve 4. April 3d '06 



Tine 



Reading Arbitrary Total time I . log I 
scale 



5:40:40 


57.9 


100 


3.41:40 


56.7 


98.8 


3.46 


34.6 


96.7 


s;4« 


33.5 


95.4 


3:45 


52.2 


94.3 


3:47 


29.8 


91.9 


3:50 


25.9 


88.0 


5.54 


21.4 


83.5 


5:56 


19.1 


81.2 


4:00 


15=s59.0 


77.1 


4r02 


57.5 


75.6 


4:04 


36.0 


73;i 


4:06 


33.3 


71.4 


4:08 


31.2 


69.3 


4.10 


20.3 


67,4 


4:12 


27.2 


65.3 


4:14 


S5.5 


63.6 


4:19 


21.0 


59.1 


4.24 


17.4 


55.5 



40 sec 

1 min. 4,Q^qc 

5 

4 

5 

7 

10 

14 

15 

16 

20 

22 

24 

25 

20 

28 

50 

52 

34 

55 

59 

40 

44 



1.292 

1.155 

1.067 

.991 

.963 

1.005 



.111 
.065 
.028 
.996 

.986 

.002 



SgledbyG^gle 
.889 



.792 
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Tine 


Reading 


Arbitrary Total tlr.e 


I 


log ] 






scale 








4:29 


14.8bx«2.6 


52.9 


49 












50 


.4S«'t: 7 


.630 


:S{34 


42.0 


50. S 


54 












55 


.664 


.822 


4:30 


57.9 


46.2 


59 












60 


.825 


.916 








65 


.674 


.820 


4:50 


SO. 3 


38.6 


70 


.594 


.774 


5:00 


25.8 


34.1 


80 


.399 


.601 


5:10 


22.2 


SO. 5 


90 


.2905 


.463 


5:20 


19.2 


27.5 


100 


.241 


.582 


5: so 


16.7=r41. 


.8 25.0 


lao 


.194 


.288 


5:40 


40.5 


23. 7 


120 : 


.174 


.240 


5:55 


38.0 


21.2 


135 












140 


.096 


.982 








180 


.066 


.819 


6:56 


31.2 


14.4 


226. 


.066 


.819 


7.10 


30.0 


13.2 


250 






7.25 


29.1 


12.3 


305 










+++++++++++ 










Curve No 
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15. 



Started wire at 7: 15P.M. dry, clear, high north wind all 
night. Bar.=:?:9,8 Temp. al:)Out 40P.Tline of exposure 12hr.45inln. 



8:02:30 


35.2 


200 


2.5nin 


8:0s 


54.2 


189 


5 


8:0s 


31.4 


196.2 


S 


8:05 


28.4 


193.2 


5 


8:06 


20. 6 


191.4 


6 


8:07 


P,P,.Q 


187.6 


7 


8: 08 


20.6 


185.4 


8 


8:09 


18.0 


184.8 


9 


8:10 


15.8 


182.6 


10 


8:12 


12.4=51.5 


179.2 


12 


8:14 


49.3 


177.0 


14 


8:15 
8:16 


^SO.2 


> 172.1 
> 160.9 


15 

^16 


3:18 


-^34.5 


- 162.2 . 


a8 


8:20 ' 


29.8 


►157.5^ 


*20 


8:22 




— ' ' . .t. 


'22 


8:2s 


25.4 


153.1 


24 
25 


8:26 


20.9 


148.6 


26 


8:28:30 


10.6 


144.3 


28.5 


8:so 


14.&S47.8 


142.2 


30 


8: 32 


45.0 


137.9 


52 


8:34 


41.0 


133.9 


34 



2,571 .4101 



1.475 .1687 

1.82 .2600 
2.142 .3312 
2,000 .3010 
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Tine 

8:36 
8158 
8:40 
8:42 
8:44 

8:46 
8:48 
8:50 
8:52 
8:54 

8:56 
8:58 

9: 00 

9:05 

9:10 
9:15 
9:20 
9:25 
9:30 
9:40 
9:50 

10*00 
10: 16 

10: so 
10:45 
11:00 
11:15 
11:25 
ii:so 
ii:s5 
11:55 
12:00 

12 : 05 

1:00 
1:05 
1:10 

i;50 
2:00 
2:10 
2:49 
5:00 
3:17 

s:5i 
4:00 
4:19 



Reading 

37.0 
33. 2 
29.4 

25.5 
22.3 

1,;.:. 
19.3 
16.7=42.8 
40.4 
37.0 
33.8 



27.0 
24.4 
19.5a47.5 
43.0 
38.1 



O/:: 



.0? 
28.2 



3.7 
17.0=4-1.2 

38.2 

31.8 

23.G«52.2 

46.0 

40.8 

34.8 

29.8 

26.7 

25.2 
23.6=55.4 

48.1 

45.7 
30.9 

20. G 
20.0=41.4 
41.1 
30.1 
37.1 
29.1 

23.2 
23.0=49.8 
4f..8 

.'57.8 



Arbitrary 

socle 
129.9 
126.7 
122.3 
118.4 
115.2 

112.1 
100.6 
IOC. 7 
103.3 
100.1 



93.9 
90.7 
85.8 
80.3 
75.4 
69.3 
65.5 
61.0 
54.3 
48.3 
41.9 
33.7 

28.1 

00 ^? 

*^t^ « o 

10.3 
11.0 



-32.2 
-48.1 

-60.2 



Total Tlrao 

36 

38 

40 

42 

44 

45 

46 

48 

50 

52 

54 

55 

56 

58 

60 

65 

70 

75 

80 

85 

90 
ICO 
110 

120a2hr . 
2.25hr. 
2.5 
2.75 
3.00 
3.25 



6.7 S.5hr. 

-1.8 

4.0 

-19.0 5.0 



6.0 



7.0 



8.0 



1.700: 



1.603 



1.570 



1.452 



.216 
.033 
.952 
.208 
.095 

.771 

.692 
.616 
.533 . 

.380 

.367 

.295 



.240 
.130 

.200 



.2105 



log I, 



.2305 



.2047 



.1959 



.1620 



.0849 
.0141 
.9786 
.0821 
.0594 

.8870 
,3801 
.7896 
.7267 



16, 
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IV. 



Time 



Reading Artitrary Total Time 



I log I 
.2 

.123 
.125 
.025 

.0606 

.054 



Wire out 9:2§ A.M. to l.SOP.M, 4 hr. Potential about 5250 
Bright, clear day, very light south-west wind. Bar. 29.9 
Tenp. 54C 

Natural fall. 



7:51 




22.8 




7:41 




20.1 




7:40 




19.4 
19.0=344.9 


-105.5 11.75 


and 


20.0=55.7 




10i25 




55.7 




io:so 




54.8 


-151.5 14.5 


io:40 




55.6 




ii:oo 




51.6 




11.50 




47.9 








natural 


fall of electroscope 


11.52 




50.2 




11.42 




49.9 




11: 5n 




49.7 








wire returned 


ii:55P 


.M. 


.45.4s66.2 




7:58A 




, 59. 5 


-190.9 24hr. 


9: 04 




85.5 








wire out 


, i.e. natural fall 


9:08:: 


50 


57.1 




io:o2 




55.2 


+++++++++++ 
Curve 12. 



9:55:50 


54.8 








10.55 


54.8 








11.25 


53.6 








i:oo 


51.5 


Wire Introduced, 


.0265 




1:52:50 


49.5 


2.5mln. 






i:s5 


48.8 


5,0 


.2242 


.5508 


i:58 


48.1 


8 










10 


.1975 


.2954 


i:4i 


47.7 


11 






i:44 


47.05 


14 










15 


.1744 


.2414 


U47 


46.5 


17 






1:50 


45.8 


20 - > 


.1744 


.2414 


i:55 


45.2 


25 
25 
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i: 56:20 


44.6 


26.5 






i!Rn 


44.0 


29 . 
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Tl»a 


Reading 


Arbitrary Total time 
scale 


I 


log I 


2:02 


43,4 


52 






2:05 


42.9 


35 


.1815 


.2581 


2:08 


42.5 


58 










40 


.1652 


.2127 


2:11 


^i.r 


41 






2:14 


41.5 


44 










45 


.1528 


.1858 


2:20 




50 


.1599 


.1455 






55 


.1249 


.0965 


2:26 


59.6 


56 






2:29 


59.3 


59 










60 


.1168 


,0071 


2: 52 


58.9 


62 






2:35 


58.4 


65 


.1598 


.1450 






70 


.1250 


.0960 


2:41: SO 


57.5 


71.5 






2147 


57.0 


7S 






2:50 


36.65 


86 


.1120 


.0490 






90 


.0968 


.9800 


5:05 


55.8 


95 










100 


.0812 


.9100 


3:20 


34.0 


110 


.0754 


.8660 


3:30 


33.5 


120 

++++++++++ 

See Curves. 


.0656 


.8170 



It may be said in general that the amoimt of activity 
obtained iinder varying meteorological conditions was what 
would be expected from the results of Elster and ^eitel. 
The greatest amount was that of curve 0, taken <Sn th^ third 
day of a high north by east wind, which is the dry wind in 
Berkeley, coming over the Sacramento valley. Six curves were 
obtained during this period, and it as been impossible to 
repeat them since, o\7ing to lack of a north wind. During the 
series of measurcanatits there has been no stroTi'§'^'^diEith-east3 
wind so that the distinction can pnly be brtadly drawn between 



Digitized by 



Google 



10. 
land and set Winds • These six curves all show two decided 

inflexions, one occurs variously from 15 to 40 minutes, after 

the wire is discharged, dependent apparently upon the length 

of exposure as the following figures show;- 

Time of exposure Time first inflexion 

2 hr. 50 min 35 to 40 min. 
5 hr* 20 to 25min. 
S hr. 5min. 25 to SO min. 

3 hr. 55 nin. 15 min. 

12 y.r. 45 mill. 10 to 15 nin. 

14 hr. 30 min. 10 to 15 min. 

This coiints time from the time of discharge of the wire, 
not from the first observation. The inflexion obtained by 
Bumstead at New Haven occured always at twenty-five minutes, 
but he states that the time of oxposure was usually three 
hours and does njt give the time for the individual curves. 
It is to be noted that the inflexion comes at twenty-five 
minutes for the three hour exposure. 

The movement of this Inflexion may be ccountod for 
in t:"e following manner. It has been shown that the rate of 
decey of thorium- excited activity varies with the time of 
exposure. For a short exposure the rate of decay increases 
up to about thirty or fourty minutes and then falls off 
logarithmically. But for a long exposure the rate of decay 
is at bnoe loearithmie. If now the first inflexion ie due to 
radium its undisturbed position would be about fifteen min- t 

Digitized by V^nOOQ IC 

utes, but a second inflexion due to thorium supperposed on 
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In the case where there is no inflexion due to thoriim it act- 
ually does come at about fifteen minutes and longer exposure 
does not seem to produce niuch further novenent in it. It 

may be rnpresGntod by the following -liagram. 



T^/.) 




The second inflexion Is just as pronounced as the first 
and occurs apparently always at about 60 minutes^ What vari- 
ation shows itself is not regular with any Icnown condition. 
I have not been able to trace this inflexion to an^^ of the 
known radio-active substances aiifc^naturally the idea of a 
new radio-active substance P'^e^ents itsftlf. Whether th-^s is 
the sameas that suspected by Bumstead and others in larger 
proportion cannot be stated at the present time, as they give 
no indication of a gog in the curve &t CO minutes. 

These inflexions seem for the most pett to be confined 
to the six curves obtaijiSd during the north wi^^^J ^ut* owicfe 
to the fact that they reappear in curve 12. taken on a still 
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iey, I think that merely greater sensitiveness Is needed 
to detect then when an ordinary anount of activity Is collect- 
ed. 

Thv curves are not regularly logarithmic, as the plots 
of log. I with the tine show. In general It might he sal: that 
there Is a straight line (I.e. the rate of decay Is logari- 
thmic with the time) between twonty-flvo and sixty minutes, 
but all other cases of logarithmic fall are siK>Fadlc. The 
??oneral atattiment may also be made that the curves fall to 
half value in 45 mlnutf.s, but the two curves G and 7, 12 and 
14 hours exposur^ show an exception to this, half value be- 
ing reached only after 60 ninutes. This night be expected 
from the larger per centage of thorium- excited activity 
presemt . 

I have not been able to oonblne the known radAim and 
thorium curves to give the curves obtained. The rate of decay 
duriij^the early part of the curves is much greater than may 
be explained by any combination of the two. This falls in 
line with what Bumstead found, see page 8. It also adds to 
tlie idea of a new radio-active substance. 

As test experinents the rate of discharge of the elec- 
troscoie was observed when the wire had been exposed Tlthout 
charge and when charged positively to a potential of 1700 

Digitized by V^OOQ IC 

volts. In both cases the rate of discharge was decreafted. 
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22. 



the wire is Introduced "below the plate of the electroscope. 
This confirms beyond doubt, If confirmation were needed, the 
validity of the results. 

In conclusion I wish to thank Prof. Lewis for his help 
and interest In the work. 
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